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Abstract. Water availability is an important aspect for sustainable regional development. 
Yogyakarta has problems in water availability. The demand for water in Yogyakarta Province 
is gradually increasing with higher consumption for human consumption, industry, and 
agriculture and livestock production. Also, more inhabitants and farmers are utilizing 
groundwater for domestic purpose and irrigation due to long drought, respectively. This 
problem will be increasing as higher population leads to higher water consumption and food 
production. Therefore, this study aim to understand the current situation and long-term 
projections of water sources, and demands in 2017-2030 by using water balance concept. After 
that, the assessment of alternative scenarios to overcome water availability problem was 
performed using managed aquifer recharge concept and efficient irrigation.  
The result shows that within the period 2017-2030, water storage is negative in 3 (three) 
regencies. This means that water deficit had occurred in these regencies where water demand 
rate is higher than recharge rate of groundwater. Also, it might shows that most of storm water 
goes to surface runoff and/or most of groundwater abstraction for water demand becomes 
waste water production. According to the Scenario-1, recharging the aquifer with storm water, 
converting 45% of surface runoff to groundwater can reduce water deficit in only 2 regencies. 
Scenario-2 shows that converting 65%, can overcome all 3 regencies from water deficit. 
Combining aquifer recharge by storm water and effective irrigation can solve water deficit 
problem in all regencies by only converting 40% of surface runoff to groundwater. The study 
shows that both approaches of managed aquifer recharge and effective irrigation are applicable 
in Yogyakarta. In small scale, these applications can be low cost, but at larger scale, can 
require higher investment cost. Therefore a site-specific knowledge on the project field is very 
important. Large scale application will need more stakeholders and regulators involvement, 
and also social awareness and acceptance. 




Groundwater has been used as a primary solution to fulfil water demand in areas after surface 
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water. Its amount is highly depends on the recharge rate and storage capacity. The source of 
groundwater is stormwater [1] and river-groundwater interaction [2].  
In order to meet the Sustainable Development Goal (SDG) [3] which secure the water for food 
security and living, it is important to evaluate water availability in 2030 and to develop water 
security scenario to be implemented. However, increase of population and climate change 
impact are becoming a challenge for ensuring water availability in future. The decrease of 
rainfall intensity due to climate change has resulted in lower recharge of groundwater [4]. 
Higher population is affected more landuse change for residential area [5] and more livestock 
and agriculture production for food production. As a consequence, higher water quantity is 
needed for these demand. One of water resource that widely used is groundwater. However, 
its quantity could not meet the increasing of water counsumption due to higher demand. 
Managed Aquifer Recharge (MAR) which defines the process of improving level of 
groundwater, is an effective technique to increase groundwater quantity [6,7,8]. The use of 
recharge well is one types of MAR that has been applied to increase groundwater recharge 
from stormwater [9].Yogyakarta Province in one of the fastest growing economy of 
Indonesia, in 2017. The GDP growth rate at 5,05% and Yogyakarta is in the 14th position of 
34 provinces in Indonesia, above South Sumatra, Riau Islands and West Papua [10]. Since 
2003, Yogyakarta has been experiencing the problem regarding water availability. There is a 
water deficit in 2 regencies in Yogyakarta, which is appear in a water balance year 2003 
where Java island calculated 38 million litre deficit during dry season. However it was 
reported the surplus of water during wet season of 27 million litre [11]. It shows there is an 
imbalance water budget in Java island and also seasonal water budget difference during dry 
and wet season. 
Therefore, in this study, present condition of water balance was assessed and future condition 
was predicted. After that, scenarios were implemented to propose an alternative solution 
regarding water availability. 
2. Methodology 
2.1. Study Area and Data Collection 
Yogyakarta Province is located in southern part of Java Island. It stretches from coordinate 
110°22’ E - 7°47’ S, with an area of 3133.15 km
2
. It covers all area of 5 (five) regencies 
(kabupaten): Sleman, Yogyakarta City, Bantul, Gunungkidul and Kulonprogo. The total 
population in this province is 3,594,290 people and 1100 people/km
2
 density. The higherst 
and lowest population density in year 2017 are Yogyakarta City and Gunungkidul, with the 
number of 12,854 and 486 inhabitants per km
2
, respectively. Data for this study were 
collected from secondary sources for water resources, water demands, waste water 
generations and surface runoff. The secondary sources consisted of data in national, 
provinsional reports and documents, international and local journals, and international 
organisation databases and reports. 
 
2.2.Conceptual Water Balance and Water Demand Projection in year 2018 - 2030 
Water balance approach has been widely applied in the assessment of water availability 
and/or the determination of best scenarios to overcome water scarcity problems [12]. 
Therefore in this study, each regency will be calculated using the water balance method. The 
formula for calculation of water balance is modified from water balance approach using this 
formula [13]: 
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Water source – water demand = output water + water storage    (1) 
 
This formula then modified with Urban Harvesting Approach (UHA) [14], which provides an 
option to quantify the storage from output water that infiltrate to groundwater as follows: 
Water storage = water source – water demand - surface runoff – evapotranspiration – industry 
wastewater – domestic wastewater – livestock wastewater                                (2) 
 
The water sources are water from rainfall and groundwater. Water demands are water that 
being used for agriculture, industry, domestic and livestock. Output water consist of surface 
runoff, evapotranspiration, industry wastewater, domestic wastewater, livestock wastewater 
and water storage. Water storage is the remaining discharge in output.  
According to Kepres No. 26 year 2011 of Aquifer basin in Indonesia, there are 2 aquifers in 
Yogyakarta province, Yogyakarta-Sleman Aquifer and Wates Aquifer [15]. However, the 
Bantul dan Gunungkidul Aquifer are not yet Groundwater source quantity is the aquifer yield 
of each regency. Aquifer yield of Kulonproge regency was determined from Wates aquifer 
characteristics [16]. The quantity of Kulonprogo aquifer is 1044 G lt/year. Aquifer yield in 
Gunungkidul is 708 G lt/year [17]. While Sleman, Yogyakarta City and Bantul aquifer 
capacity are 4272 G lt/year, 563 G lt/year, and 1535 G lt/year, respectively [18]. Highest 
groundwater quantity is in Sleman regency, It is in alignment with the fact that upper northern 
area of Sleman is a conservation area of Merapi volcano mountain and also a groundwater 
recharge area. Lowest groundwater quantity is gunungkidul regency.  
 
Tabel 1. Water Demand in Yogyakarta Province, year 2017 





Bantul Kulonprogo Gunungkidul Reference 
Number of population Person 1,194,409 422,673 995,133 421,600 731,004 [10] 
Domestic water 
demand 
lt/person/day 170 150 170 150 170 [21] 
Total Domestic water 
demand 
ML/year 203 63 169 63 124 Calculation 
Rain Fed farming area Ha 574 - 2147 1006 5685 [10] 
Irrigation area Ha 21,267 60 113 9360 2190 [10] 
Irrigation water demand h 2177 [19] 
Total Agriculture water 
demand 
ML/year 1,138 3 118 540 410 Calculation 
Industry water demand m3/day 0.35-0.70 [19] 
Number of industry Industry 17595 5469 21159 24023 22660 [10] 
Total Industry water 
demand 
ML/year 57 18 68 78 73 Calculation 
 Number of cows 
(dairy) 
animal 31 247 0 3781 10 [10] 
 Number of cows 
(butcher) 
animal 51047 54200 56040 53190 250 [10] 
 Number of buffalo animal 87 486 3 544 4 [10] 
 Number of horses animal 11 1775 6 365 25 [10] 
 Number of goat animal 91611 95752 178498 36793 322 [10] 











 Total liverstock 
water demand 
ML/year 1051 5 1139 959 1173 Calculation 
Note: Ha = Hectare 
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The water demand is calculated and presented in Table 1. Calculation of domestic water 
demand based on Ministry of Public Work [21], for population of 500 thousand – 1 milion is 
170 lt/person/day and for the population of 100 – 500 thousand is 150 lt/person /day.  
Water demand of agriculture area in Sleman Regency is the highest compare to other 
regencies. The agricultural practices in Gunungkidul Regency depends on rainwater and 
groundwater. Water demand for industry in Kulonprogo, bantul and gunungkidul are high and 
at present the groundwater is water supply for this industries. 
Domestic water demand in Sleman is the highest where many new residential areas are built 
as a peri-urban area of Yogyakarta City.  
 
Figure 1. Water demand in 2017 (in ML/year) [10] 
 
Wastewater production of domestic, industry and livestock are 80 % [20], 50% [22], 
and 90% [23] of clean water, respectively. Evapotranspiration is 5,8 mm/month [24,20]. 
Surface runoff is calculated using a formula [25]: 





C: runoff coefficient 
I: Rainfall intensity (mm/hour) 




The calculation of water demand projection in 2030 based on the report [10] which stating 
that the increase of population is 1.18 % and the decrease of agriculture area is predicted to be 
0.3 %. Also, there is an increasing number of industry and livestock of 5.4 %  and 0.62 % per 
year, respectively. 
 
3. Results and Discussion 
3.1.Water Balance at present and projection 2017-2030 
The calculation result of water balance in Sleman, Yogyakarta City, Bantul, Gunungkidul 
and Kulonprogo in year 2017 shows that there are 3 (three) areas experience water deficit: 









Sleman 1,138 57 203 1,051 
Yogya City 3 18 63 5 
Bantul 118 68 169 1,139 
Kulonprogo 540 78 63 959 
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present, where few villages in these areas have been cancelling their agriculture activities 
due to lack of rainfall, had their well dry, or received water supply aid from local 
government.  
 




b. Yogyakarta Regency 
 
 
c. Bantul Regency 
 
 
d. Gunungkidul Regency 
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e. Kulonprogo Regency 
Figure 2. Water balance model of each regency at year 2018 
 
The projection of infiltration 2018-2030 shows the increase of negative value in Kulonprogo, 
Bantul and Gunungkidul (Figure 3) 
 
Figure 3. Projection of water storate in year 2018-2030 
 
3.2.Scenarios of Solutions  
To compare the effect of different solutions on the water balance, three scenarios were 
developed. There are 2 approach will be applied using surface runoff to recharge the 
groundwater, type of managed aquifer recharge, and applying effective irrigation, such as drip 
irrigation, to reduce agriculture water demand. Drip Irigation system is allowing water to drip 
slowly to the roots. This irrigation system can save irrigation water demand of 56,4% [26], so 
in this scenario, the agriculture water demand will be reduced by 56% due to effective 
irrigation practices scenario (Figure 4) 
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Figure 4. The reduction of water demand due to effective irrigation 
 
The scenarios developed by determined which percentage could overcome the negative 
storage. The calculation result shows three alternatives as follows: Scenario 1 is 45% of 
surface runoff convert to water resource; Scenario 2 is 65% of surface runoff convert to water 
source; Scenario 3 is 40% of surface runoff convert to water source combine with water 
demand in agriculture. The result of scenario 1, 2 and 3 can be seen on Table 2. 
 
Table 2. Water storage at present, projection in 2030, and 3 (three) scenarios in 2030 








 Present (year 2018)   1,221  476 -653 -854 -1269 
 Projection (year 2030)   732  392 -1193 -1196 -1564 
       Scenario 1-45 % surface runoff (SR) to GW   2,500  484 490 -509 48 
       Scenario 2-65% surface runoff (SR) to GW   3,164  498 1130 4 901 
       Scenario 3-40% SR to GW & effective irrigation   2,609  476 710 21 477 
 
 
Figure 5. Percentage of surface run off convert to groundwater 
 
There is 25% less storm water recharge to the aquifer by combining effective irrigation in 
agriculture area and storm water recharge at the same time. And 20% less storm water should 
be convert to groundwater, without application of effective irrigation. There is 5% less storm 
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percentage of storm water being converted to groundwater to get a positive storage within 
2018-2030 can be seen in Figure 5.  
 
4. Conclusions 
Water demand of agriculture and livestock production in the highest among other 
purposes. Kulonprogo, Bantul and Gunungkidul regency have negative water storage in 2018-
2030 projection. This means that water deficit had occurred in these regencies where water 
demand rate is higher than recharge rate of groundwater. Also, it might shows that most of 
storm water goes to surface runoff and/or most of groundwater abstraction for water demand 
becomes waste water production. According to the Scenario-1, recharging the aquifer with 
storm water, converting 45% of surface runoff to groundwater can reduce water deficit in only 
2 regencies. Scenario-2 shows that converting 65%, can overcome all 3 regencies from water 
deficit. Combining aquifer recharge by storm water and effective irrigation can solve water 
deficit problem in all regencies by only converting 40% of surface runoff to groundwater. 
Lake, ponds and small dam development; surface runoff from agricultural area is flown using 
the drainage system and reserved in lake, ponds, or small dam. Water reserved in the systems 
is used for fulfilling domestic, cattle, fishpond, and irrigation demand. These lakes can be 
simply made, natural or technical. Rooftop RWH; water-resistant wells and other material are 
made to catch and retain rainwater from house roofs to underground. Big scale groundwater 
recharge scheme from storm water must be tested: technical, environmental, cost and social 
acceptance. Therefore, further study will be conducted in the economical analysis of rainwater 
harvesting methods application for groundwater recharge. 
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